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VHDZHHG LV DWWDFKHG WR WKH VXEVWUDWH DQG LV SURWHFWHG VRPH SDUW RI VHDZHHG DUH GHWDFKHG RI VXEVWUDWH DQG GULIW
VXERUGLQDWHGE\ZDYHVDQGFXUUHQWV>@(YHQWXDOO\VHDZHHGLVZDVKHGXSRQVKRUHZDYHVDQGFXUUHQWV±UHVSHFWLYHO\
DIIHFWHGE\ZLQGVSHHGDQGGLUHFWLRQ>@±GHILQHWKHLUSDWKZD\RQVXUIDFHDQGILQDOO\WRWKHVKRUHFUHDWLQJWKHWKLUG
IRUP7KHDSSHDUDQFHRIPDFURDOJDHRQDEHDFK LVQRW DSHUPDQHQWRU UHJXODUSURFHVV WKXV WKHFRPSRVLWLRQDQG
DPRXQWRI WKHELRPDVVZDVKHGDVKRUH LVQRWSUHGLFWDEOH>@$OWKRXJKLW LVDQDWXUDOFRDVWDOSURFHVV LWFDQEHDQ
LPSRUWDQWSUREOHPGXULQJWKHWRXULVPVHDVRQZKHQGHFRPSRVLQJDOJDHGHFUHDVHVWKHUHFUHDWLRQDOYDOXHRIEHDFKHV
>@+LVWRULFDOO\DOJDHZDVWHKDVEHHQXVHGDVDIHUWLOL]HURQDJULFXOWXUDOODQGVE\ORFDOLQKDELWDQWV$FFRUGLQJWR(8
%DWKLQJ:DWHU'LUHFWLYH (& GXULQJ WKH EHDFK VHDVRQ LQ WKH SODFHVZKHUH LWPLJKW LQWHUIHUHZLWK SHRSOH
ZDVKHGRXWDOJDHLVFROOHFWHGE\ORFDOPXQLFLSDOLWLHV>@
,QUHJDUGWRPDFURDOJDHLQWKH/DWYLDQFRQWH[W Fucus vesiculosus /LVDGRPLQDQWEURZQDOJDRQWKHURFN\ERWWRPV
RIWKH%DOWLF6HDFRDVWDODUHDV>@,QWKHFRDVWDOZDWHUVF. vesiculosusIRUPVGHQVHFDQRSLHV>@,WLVWKHPRVW
DEXQGDQWPDULQHEURZQDOJDHLQWKH*XOIRI5LJD
7KHXVHRIPDULQHPDFURDOJDHFRXOGEHZLGH5DZVHDZHHGDQGVHDZHHGIRRGSURGXFWVLQ$VLDQFRXQWULHVKDYH
EHHQ FRQVXPHG IRU FHQWXULHV 0RUH UHFHQWO\ VHDZHHG SURGXFWV DV D VRXUFH RI SRO\VDFFKDULGHV IRU IRRG DQG
SKDUPDFHXWLFDOXVHVDUHEHFRPLQJSRSXODULQ(XURSH>@7KHVHDZHHGPLQHUDOFRQWHQWLVKLJKHUWKDQPLQHUDOOHYHO
LQWHUUHVWULDOSODQWVDQGDQLPDOSURGXFWV+LJKPLQHUDOFRQWHQWDQGORZIDWFRQWHQWPDNHVLWDSHUIHFWIRRGVXSSOHPHQW
>@3RO\VDFFKDULGHVIRXQGLQVHDZHHGPDNHLWDWWUDFWLYHWRWKHSKDUPDFHXWLFDOLQGXVWU\)XFRLGDQVIRXQGLQEURZQ
DOJDHH[KLELWYDULRXVELRORJLFDODFWLYLWLHVZLWKSRWHQWLDOKHDOWKEHQHILWV>@0DULQHVHDZHHGELRPDVVFDQDOVREH
XVHGDVDIHHGVWRFNIRUHQHUJHWLFSXUSRVHV6HDZHHGFDQEHWUDQVIRUPHGLQGLIIHUHQWW\SHVRIELRIXHOVVXFKDVELRJDV
ELRHWKDQRODQGELRGLHVHO>@
7KLVVWXG\LQYHVWLJDWHVWKHFKHPLFDOHOHPHQWFRPSRVLWLRQRIEURZQDOJDHFucus vesiculosusFROOHFWHGRQWKHFRDVWDO
]RQHRIWKH*XOIRI5LJD7KUHHGLIIHUHQWW\SHVRIDOJDHHQGXVHVDUHGLVFXVVHG7KHUHVXOWVRIDQDO\VLQJWKHFKHPLFDO
FRPSRVLWLRQDQGWKHDYDLODEOHLQIRUPDWLRQLVWDNHQLQWRDFFRXQWZKHQFRQVLGHULQJWKHPRVWDSSURSULDWHHQGXVHVF. 
vesiculosusFDQEHXVHGDVDIRRGVXSSOHPHQWELRPDVVIRUELRHQHUJ\DQGDVDVRXUFHRISKDUPDFHXWLFDOO\LPSRUWDQW
PDWWHUV'XHWRKLJKFRQWHQWRIKHDY\PHWDOVLQWKHELRPDVVRIF. vesiculosusLQWKH*XOIRI5LJDLWLVVXJJHVWHGWR
XVHWKLVDOJDHDVDIHHGVWRFNRIELRHQHUJ\,WLVQRWVXJJHVWHGWREHXVHGLQKXPDQFRQVXPSWLRQXQOHVVKHDY\PHWDOV
DUHUHPRYHG
0DWHULDOVDQGPHWKRGV
2.1. Sample collection 
Fucus vesiculosusZDVPDQXDOO\FROOHFWHGIURPWKHEHDFK]RQHLQ-ǌUPDODFHQWUDO/DWYLDƍ1DQGƍ(
LQ-DQXDU\7KHDOJDHZDV LGHQWLILHGXVLQJD WD[RQRPLFDO LGHQWLILFDWLRQNH\>@7KHVLWH LVFKDUDFWHULVHGE\
VKDOORZGHSWKV±PDQGKLJKQXWULHQWOHYHOV$WWKHODERUDWRU\WKHDOJDHZDVULQVHGZLWKIUHVKZDWHUWRUHPRYH
VDQG$GGLWLYHVOLNHZRRGHQSLHFHVJUDVVDQGVKHOOVZHUHVHSDUDWHGIURPWKHVDPSOHPDQXDOO\7KHFROOHFWHGDOJDH
VDPSOHVZHUHSUHVHUYHGLQDSODVWLFEDJVLQDIUHH]HU&DQGGHIURVWHGRQHGD\EHIRUHDQDO\VLV
2.2. Ash content 
7KHDVKFRQWHQWRIWKHVHDZHHGZDVGHWHUPLQHGE\KHDWLQJWKHGULHGDW&VDPSOHVLQDPXIIOHIXUQDFH
DW&IROORZLQJWKHVWDQGDUGPHWKRG/96(1
2.3. Chemical composition 
&KHPLFDODQDO\VLVZDVFDUULHGRXWLQWKH/DWYLDQ(QYLURQPHQW*HRORJ\DQG0HWHRURORJ\&HQWUHIROORZLQJWKH
/DWYLDQVWDQGDUGPHWKRGRORJLHV86(3$0HWKRG$/96(1,62/96,62
86(3$0HWKRG/96(1,62/96(1/96,62/96,62
/96,62/96,620DFURHOHPHQWV&+16ZHUHDQDO\VHGLQ/DWYLDQ,QVWLWXWH
RI2UJDQLF6\QWKHVLVXVLQJDWRPLFVSHFWURVFRS\
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5HVXOWVDQGGLVFXVVLRQ
3.1. Chemical composition of Fucus vesiculosus 
7KHFKHPLFDOFRPSRVLWLRQRIWKHEURZQDOJDHF. vesiculosusDQDO\VHGLQWKLVVWXG\LVOLVWHGLQ7DEOH7KHRUJDQLF
HOHPHQWVPDFURHOHPHQWVPLFURHOHPHQWVDQGPHWDOFRQWHQWVDUHJLYHQ
7DEOHFucus vesiculosusFKHPLFDOFRPSRVLWLRQ
2UJDQLFHOHPHQW 76 0DFURHOHPHQW PJNJ76 0LFURHOHPHQWV PJNJ76 +HDY\PHWDOV PJNJ76
&DUERQ&  3RWDVVLXP.  ,URQ)H  6HOHQLXP6H 
+\GURJHQ+  3KRVSKRURXV3  0DQJDQHVH0Q  /HDG3E 
2[\JHQ2  &DOFLXP&D  &KURPLXP&U  =LQF=Q 
1LWURJHQ1  0DJQHVLXP0J  6WURQWLXP6U  &RSSHU&X 
6XOSKXU6  6RGLXP1D    $UVHQLF$V 
$VKLQRUJDQLFHOHPHQWV      &DGPLXP&G 

7KHFKHPLFDODQDO\VLVLQGLFDWHVWKDWF. vesiculosusLVORZHULQ&+DQG2WKDQWHUUHVWULDOELRPDVVDQGKLJKHULQ1
DQG66LPLODUFKDUDFWHULVWLFVDUHDOVRUHSRUWHGLQWKHVWXG\E\5RVV>@%\FRQWUDVWWKHDPRXQWRIPDFURQXWULHQWV
REWDLQHGLQWKHVHODERUDWRU\WHVWVLVGLIIHUHQWIURPWKDWLQRWKHUSXEOLFDWLRQV,QWKHVWXG\E\5RVVKLJKHUYDOXHVRI3
DQG1DQGORZHUDPRXQWVRI&DDQG0JZHUHUHSRUWHGIRUF. vesiculosusFROOHFWHGRQWKHVRXWKFRDVWRI(QJODQG7KLV
FRXOG EH H[SODLQHG E\ WKH HIIHFW UHODWHG WR ORFDO KDUYHVWLQJ FRQGLWLRQV DQG VHDVRQDO YDULDWLRQV DV UHSRUWHG DQG
FRQILUPHGE\$OOHQ>@7KHYDULDWLRQREVHUYHGLQPLFURHOHPHQWDQGKHDY\PHWDOFRPSRVLWLRQRIF. vesiculosusDW
GLIIHUHQW SODFHV LV FRQVLGHUDEOH DQG FRXOG EH DWWULEXWHG WR GLIIHUHQW JHRJUDSKLFDO ORFDWLRQV 7KH DPRXQW RI )H LQ
GLIIHUHQWSXEOLFDWLRQVKDVEHHQUHSRUWHGPJNJ76LQWKH1RUWK6HDQHDU6FRWODQGWRPJNJ76RQWKH
6RXWKFRDVWRI(QJODQG7KHDPRXQWRIRWKHUPLFURHOHPHQWVDQGKHDY\PHWDOVDOVRVKRZJUHDWIOXFWXDWLRQVGHSHQGLQJ
RQWKHJDWKHULQJSODFH
6HDZHHGLVDEOHWRDFFXPXODWHGLIIHUHQWPHWDOV7KHDELOLW\RIVHDZHHGWRDEVRUEPLQHUDOVDQGQXWULHQWVIURPWKH
VXUURXQGLQJHQYLURQPHQWLVJUHDWHUWKDQLQWHUUHVWULDOSODQWV>@,WKDVEHHQUHSRUWHGWKDWOHYHOVRIKHDY\PHWDOVLQ
WKH%DOWLF6HDZDWHUDUHXSWRWLPHVKLJKHUFRPSDUHGWRWKH1RUWK$WODQWLF>@WKXVDIIHFWLQJWKHDOJDOELRPDVV
FRPSRVLWLRQ7KHSROOXWHGDOJDOJURZWKHQYLURQPHQWKDVUHVXOWHGLQLQFUHDVHGDPRXQWVRIVRPHPLQHUDOVLQVHDZHHG
2QFHSROOXWLRQ LV UHOHDVHG LQWR WKH%DOWLF 6HD KHDY\PHWDOV FDQ UHPDLQ LQ WKHZDWHU IRU YHU\ ORQJSHULRGV >@
&KHPLFDOFRPSRVLWLRQRIVHDZHHGLVGHSHQGHQWRQPDQ\GLIIHUHQWHQGRJHQRXVDQGH[RJHQRXVIDFWRUV(QGRJHQRXV
IDFWRUVOLNHWKHFHOOZDOOVWUXFWXUHDQGWKHVHDZHHGW\SHDUHFRPSRQHQWVWKDWGLVSOD\GLIIHUHQWPLQHUDOVRUEHQWFDSDFLW\
,WKDVEHHQUHSRUWHGWKDWEURZQVHDZHHGYDULHWLHVKDYHDKLJKHUFDSDFLW\WRDEVRUEPLQHUDOVEHFDXVHRIDODUJHUDPRXQW
RISRO\VDFFKDULGHVLQWKHLUZDOOV>@&KHPLFDOFRPSRVLWLRQRIWKHVHDZHHGLVDOVRDIIHFWHGE\WKHH[RJHQRXVIDFWRUV
OLNHJHRJUDSKLFORFDWLRQVHDVRQZDYHH[SRVXUHDQGVHDZDWHUWHPSHUDWXUHPLQHUDOOHYHOVLQVHDZDWHUS+OHYHODQG
VDOLQLW\,QRUGHUWRLGHQWLI\WKHUHDVRQIRUWKHVHGLIIHUHQFHVLQHOHPHQWFRPSRVLWLRQDQLQGHSWKDQDO\VLVRIVHGLPHQWV
ZDWHUDQGVXUURXQGLQJHQYLURQPHQWLVQHFHVVDU\
3.2. Potential use of Fucus vesiculosus 
%URZQDOJDHLVQRWSURSHUO\XVHGLQ/DWYLD,WLVNQRZQWKDWLWKDVEHHQXVHGDVDIHUWLOL]HUSOD\LQJDQLPSRUWDQW
UROHRQORFDODJULFXOWXUDOODQGDQGFRQWULEXWLQJQXWULHQWVWRWKHEHDFKHFRV\VWHPSUHVHUYLQJELRGLYHUVLW\%HFDXVHRI
WKHKLJKFDSDFLW\WRDEVRUEHQYLURQPHQWDOSROOXWLRQLWFDQEHXVHGDVDELRVRUEHQWWRUHPRYHKHDY\PHWDOVIURPWKH
HQYLURQPHQW>@
 
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3.2.1. Food 
7KHOHYHORI1DLVGHSHQGHQWRQWKHVDOLQLW\RIWKHVHD$KLJKHUOHYHORIVRGLXPLQFucus vesiculosusLVIRXQG
FORVHUWRWKH$WODQWLF2FHDQZKHUHWKHVDOLQLW\LVKLJKHU$KLJKVDOWOHYHOLVDOVRUHSRUWHGLQWKHSXEOLFDWLRQRI3HLQDGR
>@ZKRIRXQG±PJJ1D&OLQGU\ZHLJKWF. vesiculosusSUHVHQWVDKLJKOHYHORIOLSLGVDVZHOODVKLJK
QXFOHRWLGHFRQWHQW7KHGRPLQDWLQJIDWW\DFLGKDVEHHQPHQWLRQHGROHLFDFLGZKLFKLVFODVVLILHGDVDPRQRXQVDWXUDWHG
RPHJDIDWW\DFLG+LJKDQWLR[LGDQWDFWLYLW\VXSSRUWHGE\KLJKOHYHOVRIQXFOHRWLGHVDQGIDWW\DFLGVPDNHVLWQRWRQO\
QXWULWLRQDOEXWDOVRKHDOWK\,QDGGLWLRQXVLQJF. vesiculosus DVDIRRGVXSSOHPHQWFDQLQFUHDVHWKHXPDPLWDVWHDQG
UHGXFHWKHQHHGIRUDGGLWLRQDOVDOW>@&RQFHUQVSHUVLVWEHFDXVHRIOHYHORIKHDY\PHWDOVLQDOJDH7RHYDOXDWHWKH
OHYHORIKHDY\PHWDOVLQVHDZHHGFXUUHQWDPRXQWRI$V&G3ELQFucus vesiculosusZDVFRPSDUHGZLWKWKHPD[LPDO
OHYHOVDSSOLHGWRHGLEOHVHDZHHGVLQ)UDQFH5HJXODWLRQ(&1RRQ(GLEOH6HDZHHG	)UHQFK5HJXODWLRQ
&RPSDULVRQLVGLVSOD\HGLQ7DEOH
7DEOH4XDOLW\FULWHULDDSSOLHGWRHGLEOHVHDZHHGVVROGLQ)UDQFH
  0D[LPDOOHYHOPJNJ76 &XUUHQWDPRXQWPJNJ76
$UVHQLF $V  
&DGPLXP &G  
/HDG 3E  

7KHOHYHORIDUVHQLFLQWKHDOJDHDQDO\VHGZDVPJNJ76ZKLOHWKHDPRXQWRIOHDGPJNJ76DQG
FDGPLXP PJ NJ 76ZHUH ORZHU 7KHVH FRQFHQWUDWLRQV DUH KLJKHU WKDQPD[LPXP OHYHOV DOORZHG LQ HGLEOH
VHDZHHGIRUWKHVHFRQWDPLQDQWV7KHDOORZHGOHYHORIDUVHQLFLQHGLEOHVHDZHHGLVPJNJ76EXWLQFucusIRXQG
LQ*XOIRI5LJDWKLVOHYHOLVDOPRVWIRXUWLPHVKLJKHU,QVHDZHHGFDGPLXPLVIRXQGPJNJ76WKDWLVWKUHHWLPHV
JUHDWHUWKDQWKHOLPLWHGDPRXQWPJNJ76$PRXQWRIOHDGLQFucusIRXQGLQWKH%DOWLF6HDLVPJNJ76
ZKLFKLVPRUHWKDQWKHPD[LPDOOHYHOPJNJ76
Fucus vesiculosusFRXOGVHUYHDVDJRRGSURWHLQVRXUFHEXWWKHXWLOL]DWLRQRIDOJDHDVDIRRGFDQEHFRPSOLFDWHG
EHFDXVHRIWKHKLJKOHYHORIKHDY\PHWDOV7KLVPHDQVWKDWH[WUDFWLRQRIDOJDOFRPSRXQGVVXFKDVSURWHLQVPLQHUDOV
DQGIDWW\DFLGVIRUXVHDVLQJUHGLHQWVLQIRRGSURGXFWLRQPD\EHDEHWWHUVWUDWHJ\
3.2.2. Pharmacy 
0HGLFLQDOEHQHILWVRIF. vesiculosusKDYHDOUHDG\EHHQHYDOXDWHGIRUFHQWXULHV6LPXODWLRQRIWKHWK\URLGJODQGDV
DWUHDWPHQWIRUSUREOHPVOLNHREHVLW\DQGFHOOXOLWHKDVEHHQPHQWLRQHGDVWKHPDLQEHQHILWWRPHGLFLQHIURPWKHXVH
RI WKLVSODQW6HDZHHG LVDOVRZHOONQRZQIRU LWVKLJK LRGLQHFRQWHQWZKLFK LVQRWGHWHFWHG LQRXUDQDO\VLVEXW LV
UHSRUWHG LQPDQ\SXEOLFDWLRQV>@ 7KHKLJK LRGLQHFRQWHQWRIF. vesiculosusVWLPXODWHV WK\URLGIXQFWLRQ
ZKLFKERRVWVPHWDEROLFSURFHVVHVDQGVROYHVSUREOHPVZLWKOLSLGEDODQFHZKLFKPD\KHOSWRUHGXFHZHLJKW>@,WLV
UHSRUWHGWKDWFucusFDQVROYHKRUPRQDOSUREOHPVLWKDVDQWLFDQFHUSRWHQWLDOLWUHGXFHVEORRGVXJDUDQGLWZRUNVDV
DQDQWLFRDJXODQWDQGFDQEHXVHGWRWUHDWKLJKEORRGSUHVVXUH$VVKRZQLQ7DEOHF. vesiculosusLVDOVRULFKZLWK
FDOFLXPPDJQHVLXPSRWDVVLXPVRGLXPDQGLWDOVRFRQWDLQVHVVHQWLDOHOHPHQWVOLNHSKRVSKRUXVVHOHQLXPPDQJDQHVH
DQG]LQFZKLFKFRXOGEHEHQHILFLDODVDIRRGVXSSOHPHQW,WLVDOVRPHQWLRQHGLQOLWHUDWXUHWKDWDOJDHFRQWDLQ$&(
*DQG%FRPSOH[YLWDPLQV$OJDHLVDOVRULFKLQDOJLQLQDQGPDQQLWROFDURWHQHDQG]HD[DQWLQ>@
$VPHQWLRQHGDERYHDSDUWIURPWKHPDQ\SRVLWLYHWUDLWVDVVRFLDWHGZLWKLQWDNHRIDOJDHWKHUHDUHDOVRFRQFHUQVWR
WDNHLQWRDFFRXQW,WLVVXJJHVWHGWRXVHFucusDVDVXSSOHPHQWEXWDYRLGFRQVXPLQJLWLQODUJHDPRXQWVEHFDXVHRI
WKH KLJK LRGLQH OHYHO DQG KHDY\ PHWDO FRQWDPLQDWLRQ WKDW FDQ FDXVH QHJDWLYH VLGH HIIHFWV >@ +HDY\ PHWDOV
DFFXPXODWHGLQDOJDHPD\EHGHWULPHQWDOWRKXPDQKHDOWK7KHDPRXQWRIKHDY\PHWDOVIRXQGLQRXUDQDO\VLVLVKLJKHU
DQGH[FHHGVPD[LPXPOHYHOVDVPHQWLRQHGLQSUHYLRXVVHFWLRQ
 
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3.2.3. Bioenergy 
Fucus vesiculosusELRPDVVZDVKHGDVKRUH LQ/DWYLDFRXOGEHDSRWHQWLDOELRHQHUJ\VRXUFH7KH WUDQVIRUPDWLRQ
URXWHVRIWKHVHDZHHGVIRUHQHUJ\FDQEHGLIIHUHQW'ĊERZVNL>@LGHQWLILHGWKHILQDODOJDHEDVHGIXHOVLQWHUPVRI
ELRJDVELRHWKDQROELRGLHVHODQGELRRLOVVSHFLILFDOO\REWDLQHGIURPWKHFRQYHUVLRQSURFHVVHVRIDQDHURELFGLJHVWLRQ
IHUPHQWDWLRQWUDQVHVWHULILFDWLRQOLTXHIDFWLRQDQGS\URO\VLVPHWKRGV7KHVHUHSUHVHQWWKHPRVWYDOXDEOHDQGIHDVLEOH
FRQYHUVLRQURXWHVZLWKVRPHFRQVWUDLQWVUHODWHGWRWKHDOJDHELRPDVVFRPSRVLWLRQ
/RRNLQJ WRZDUG ELRJDV SURGXFWLRQ WKHUH LV D ORW RI OLWHUDWXUH DERXW WKH \LHOG DQG HIIHFWLYHQHVV RI DQDHURELF
GLJHVWLRQ$'SURFHVVHV>@6HYHUDOVWXGLHVFRQILUPDQDHURELFGLJHVWLRQWREHDQHIIHFWLYHWHFKQRORJ\IRUDOJDH
ELRPDVVFRQYHUVLRQIRUHQHUJHWLFSXUSRVHV>±@
7KHPHWKDQHSURGXFWLRQ LQFucus vesiculosus FDQYDU\ IURPP/&+J96RIF. vesiculosusXQZDVKHG
ELRPDVVXSWRWKHYDOXHRIP/&+J96RISUHWUHDWHGELRPDVV>@(YHQWKRXJKWKHUHDUHVHYHUDOFRQVWUDLQW
IDFWRUVWKDWFDQLQFOXGHWKHUHVLVWDQFHRIFHOOZDOOVWREHGHJUDGHGGXULQJWKH$'SURFHVVHVGXHWRDWRRKLJKOHYHO
RIFHOOXORVHRUKHPLFHOOXORVHWKHFDSDELOLW\RIDOJDHWRUHOHDVHFRPSRXQGVLQKLELWLQJWKHDFWLYLW\RIWKHDQDHURELF
EDFWHULDLHDONDOLQHPHWDOVDQGWKHLPSURSHU&1UDWLRLQWKHELRPDVVVXEMHFWHGWRWKHIHUPHQWDWLRQSURFHVVHV
>@LQIDFWWRJHWDKLJKHU\LHOGRI&+WKHRSWLPDO&1UDWLRLVQHFHVVDU\±LH±PHDQLQJWKDWWKH
QLWURJHQFRQWHQWLQVRPHDOJDHFRXOGEHWRRKLJK
,QWKLVVWXG\&1UDWLRYDULHVEHWZHHQDQGDQGWKHVHQXPEHUVDUHKLJKHUWKDQUHSRUWHGLQRWKHUSXEOLFDWLRQV
>@%XFKROFHWDOUHSRUWHG&1UDWLRIRUF. vesiculosus DQGWKLVYDOXHLVLQWKHUDQJHEHVWIRU$'
7DEOH2UJDQLFHOHPHQWFRQWHQW76&1UDWLRVLQFucus vesiculosus. 
/RFDWLRQ  & + 2 1 &1
*XOIRI5LJD -DQXDU\     
*XOIRI5LJD -DQXDU\     
6RXWKFRDVWRI(QJODQG>@ )HEUXDU\     
6RXWKFRDVWRI,UHODQG>@ $XJXVW     

6RPH RI WKHVH SUREOHPV FDQ EH RYHUFRPH E\ WDNLQJ LQWR DFFRXQW VSHFLILF SK\VLFDO RU FKHPLFDO SUHWUHDWPHQW
PHWKRGVWKDWFDQIDYRXUWKHEUHDNGRZQRIFHOOZDOOVIDFLOLWDWLQJHDVLHUDFFHVVWRWKHDOJDHPDWWHUIURPWKHPHWKDQRJHQ
EDFWHULDRUPL[LQJRIPDFURDOJDHLQDFRGLJHVWLRQLQRUGHUWRUHHVWDEOLVKDFRUUHFW&1UDWLRVPRUHEHQHILFLDOIRUWKH
ELRJDVSURGXFWLRQ>@0HFKDQLFDOFKRSSLQJLVRQHRIWKHPRVWFRPPRQSUHWUHDWPHQWPHWKRGVLQRUGHUWRIDYRXU
PHWKDQRJHQEDFWHULDDFWLYLW\
$VPHQWLRQHGEHIRUHDQLPSRUWDQWIDFWRUWREHFRQVLGHUHGZKLOHHYDOXDWLQJWKHHFRQRPLFIHDVLELOLW\LVUHODWHGWR
WKH RYHUDOO ELRJDVELRPHWKDQH \LHOG GHSHQGLQJ RQ WKH SUHWUHDWPHQW SURFHGXUH >@ D SURSHUPHWKRG FDQ EHWWHU
HQKDQFHWKHELRPHWKDQHIUDFWLRQZLWKLQWKHELRJDVPL[0RQWLJHOOL>@VXJJHVWVDPLOGSUHWUHDWPHQWGXHWRWKHORZ
FRQWHQWRIOLJQLQZLWKLQWKHDOJDOELRPDVVLIFRPSDUHGZLWKRWKHUELRPDVVIHHGVWRFNIRU$',QWKLVSHUVSHFWLYHWKH
DXWKRUVXJJHVWVSK\VLFDOSUHWUHDWPHQWVLQWHUPVRIVLPSOLFLW\DQGHIIHFWLYHQHVV
$ SRWHQWLDO PHWKRG IRU HQHUJ\ FRQYHUVLRQ RI PDFUR DOJDH ELRPDVV LV IHUPHQWDWLRQ WR REWDLQ ELRHWKDQRO DV
WUDQVSRUWDWLRQIXHO>@0DFURDOJDHSUHVHQWVDKLJKOHYHORIFDUERK\GUDWHVDQGDVPDOODPRXQWRIOLJQLQ>@WKXVFDQ
EHFRQVLGHUHGDSURSHUVXEVWUDWHLQIHUPHQWDWLRQSULRUK\GURO\VLVSURFHVV$OWKRXJKWKHUHDUHVRPHFRQFHUQVRQWKH
PDFURDOJDHELRHWKDQROSURGXFWLRQ\LHOG>@
0DFURDOJDHLVPRUHEHQHILFLDOIRUSURGXFWLRQURXWHVLQYROYLQJELRJDVDQGELRHWKDQROUDWKHUWKDQELRGLHVHOGXHWR
WKHORZOHYHORIWULJO\FHULGHV>@LHWKHPLFURDOJDHOLSLGFRQWHQWUDQJHVIURP±GZ>@ZLWKDSHDNRI
GZPDFURDOJDHOLSLGFRQWHQWUDQJHIURPWRGZ>@0DFURDOJDHELRGLHVHOKDVEHHQLQYHVWLJDWHG
ZLWKUDWKHUSRRUUHVXOWVLIFRPSDUHGZLWKWKHXVHRIPLFURDOJDH>@
,WKDVEHHQ IRXQG WKDWEURZQVHDZHHGKDV ORZ OHYHOVRIHDVLO\ IHUPHQWDEOH VXJDUV >@ WKXV LWZRXOGEHPRUH
EHQHILFLDOIRUVWDQGDUG$'WKDWUHTXHVWVSUHWUHDWPHQWWREUHDNWKHSRO\VDFFKDULGHVLQWRPRQRPHUVSULRUWRK\GURO\VLV
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&RQFOXVLRQ
Fucus vesiculosusLVDGRPLQDQWEURZQDOJDJURZLQJRQWKHURFN\ERWWRPVRIWKH%DOWLF6HDFRDVWDODUHD$OJDH
ZDVKHGXSRQVKRUHFDQFDXVHUHFUHDWLRQDOSUREOHPVDQGVKRXOGEHUHPRYHG:LWKLQWKLVVWXG\WKHFKHPLFDOHOHPHQW
FRPSRVLWLRQZDVGHWHUPLQHGLQRUGHUWRILQGWKHSRWHQWLDOO\PRVWDSSURSULDWHXVHIRUVXFKW\SHRIDOJDOELRPDVV
F. vesiculosusFKHPLFDODQDO\VLVVKRZHGDKLJKOHYHORIGLIIHUHQWPLQHUDOV$OJDHFRXOGVXFFHVVIXOO\EHXVHGDVD
IRRGRUSKDUPDFHXWLFDOFRPSRXQGEXWEDVHGRQWKHDQDO\VLVWKLVILQDOXVHSDWKZD\LVQRWVXJJHVWHGGXHWRKLJKOHYHOV
RI KHDY\PHWDOVZKLFK H[FHHGSHUPLVVLEOH OHYHOV1HYHUWKHOHVV WKHSRWHQWLDO XVHRIF. vesiculosus ELRPDVV DV D
IHHGVWRFNIRUELRHQHUJ\LVSURSRVHG,QIDFWF. vesiculosusVKRZFKHPLFDOSURSHUWLHVVXLWDEOHIRUXVHLQDQDHURELF
GLJHVWLRQ
)XUWKHUUHVHDUFKLVQHFHVVDU\WRHYDOXDWHWKHDYDLODEOHDOJDOELRPDVVLQWKH*XOIRI5LJD0RUHDQDO\VLVLVUHTXLUHG
WRDVVHVVFKHPLFDOFRPSRVLWLRQLQGLIIHUHQWVHDVRQV
$FNQRZOHGJHPHQWV
7KHZRUNKDVEHHQVXSSRUWHGE\WKH(XURSHDQ(FRQRPLF$UHD)LQDQFLDO0HFKDQLVPIURP,FHODQG/LHFKWHQVWHLQ
DQG 1RUZD\ SURMHFW 1R((=/9*6 ³'HYHORSPHQW RI ELRHFRQRPLFDO PRGHO IRU VXVWDLQDEOH XVH RI
ELRORJLFDOUHVRXUFHVLQRUGHUWRUHGXFHFOLPDWHFKDQJHVDQGLPSURYHDGDSWDWLRQFDSDFLW\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´
5HIHUHQFHV
>@ (ULNVVRQ%.%HUJVWU|P//RFDOGLVWULEXWLRQSDWWHUQVRIPDFURDOJDHLQUHODWLRQWRHQYLURQPHQWDOYDULDEOHVLQWKHQRUWKHUQ%DOWLF3URSHU
(VWXDU&RDVW6KHOI6FL±
>@ 6XXUVDDUh7RUQ.0DUWLQ*+HUNO..XOODV7)RUPDWLRQDQGVSHFLHVFRPSRVLWLRQRIVWRUPFDVWEHDFKZUDFNLQWKH*XOIRI5LJD%DOWLF
6HD 7KH VWXG\ ZDV VXSSRUWHG E\ WKH (8 /LIHSURMHFW 0$5021, µ,QQRYDWLYH DSSURDFKHV IRU PDULQH ELRGLYHUVLW\ PRQLWRULQJ DQG
DVVHVVPHQWRIFRQVHUYDWLRQVWDWXVRIQDWXUHY2FHDQRORJLD±
>@ %XUNKROGHU-07RPDVNR'$7RXFKHWWH%:6HDJUDVVHVDQGHXWURSKLFDWLRQ-([S0DU%LR(FRO±
>@ )LOLSNRZVND$/XEHFNL/6]\PF]DN=\áD0àRWRFND0.RZDOHZVND*)DFWRUVDIIHFWLQJWKHRFFXUUHQFHRIDOJDHRQWKH6RSRWEHDFK
%DOWLF6HD2FHDQRORJLD±
>@ %XUNKROGHU-07RPDVNR'$7RXFKHWWH%:6HDJUDVVHVDQGHXWURSKLFDWLRQ-([S0DU%LR(FRO±
>@ (8'LUHFWLYH(&RIWKH(XURSHDQ3DUOLDPHQWDQGRIWKH&RXQFLORI)HEUXDU\FRQFHUQLQJWKHPDQDJHPHQWRIEDWKLQJZDWHU
TXDOLW\DQGUHSHDOLQJ'LUHFWLYH((&2II-(XU8QLRQ/±
>@ /DJR/HVWyQ$0RWD&.DXWVN\/3HDUVRQ*$)XQFWLRQDOGLYHUJHQFHLQKHDWVKRFNUHVSRQVHIROORZLQJUDSLGVSHFLDWLRQRIFucus sppLQ
WKH%DOWLF6HD0DU%LRO±
>@ 7RUQ..UDXVH-HQVHQ'0DUWLQ*3UHVHQWDQGSDVWGHSWKGLVWULEXWLRQRIEODGGHUZUDFNFucus vesiculosusLQWKH%DOWLF6HD$TXDW%RW
±
>@ 3LD]]L/%DODWD'&LQHOOL)6SHFLHVFRPSRVLWLRQDQGPRUSKRORJLFDOJURXSVRIPDFURDOJDODVVHPEODJHVDURXQG*RUJRQD ,VODQG QRUWK
ZHVWHUQ0HGLWHUUDQHDQ6HD&U\SWRJDP$OJRO±
>@0DHKUH+.0DOGH0.(LOHUWVHQ.((OYHYROO(2&KDUDFWHUL]DWLRQRISURWHLQOLSLGDQGPLQHUDOFRQWHQWVLQFRPPRQ1RUZHJLDQVHDZHHGV
DQGHYDOXDWLRQRIWKHLUSRWHQWLDODVIRRGDQGIHHG-6FL)RRG$JULF±
>@583(5(=30LQHUDOFRQWHQWRIHGLEOHPDULQHVHDZHHGV)RRG&KHP±
>@7D\ORU60DULQH0HGLFLQDO)RRGV,PSOLFDWLRQVDQG$SSOLFDWLRQV0DFURDQG0LFURDOJDH(OVHYLHU,QF
>@$OOHQ(:DOO'0+HUUPDQQ&;LD$0XUSK\-':KDWLVWKHJURVVHQHUJ\\LHOGRIWKLUGJHQHUDWLRQJDVHRXVELRIXHOVRXUFHGIURPVHDZHHG"
(QHUJ\±
>@ 3DVWDUH/5RPDJQROL)5XJHOH.']HQH,%OXPEHUJD'%LRFKHPLFDO0HWKDQH3RWHQWLDOIURP$QDHURELF'LJHVWLRQRIWKH0DFURSK\WH
&HUDWKRSK\OOXP'HPHUVXP$%DWFK7HVWVWXG\IRU/DWYLDQ&RQGLWLRQV(QHUJ\3URFHGLD±
>@5XG]URJD$,]SODWƯWƗNR/DWYLMDVDƺƧXQRWHLFƝMV5ƯJD=LQƗWQH
>@5RVV$%-RQHV-0.XEDFNL0/%ULGJHPDQ7&ODVVLILFDWLRQRIPDFURDOJDHDVIXHODQGLWVWKHUPRFKHPLFDOEHKDYLRXU%LRUHVRXU7HFKQRO
±
>@+(/&20+HDY\0HWDO3ROOXWLRQWRWKH%DOWLF6HDLQ%DOW6HD(QYLURQ3URFHHGLQJV1R
>@:HL14XDUWHUPDQ--LQ<60DULQHPDFURDOJDHDQXQWDSSHGUHVRXUFHIRUSURGXFLQJIXHOVDQGFKHPLFDOV7UHQGV%LRWHFKQRO±

>@0XUSK\9+XJKHV+0F/RXJKOLQ3&RPSDUDWLYHVWXG\RIFKURPLXPELRVRUSWLRQE\UHGJUHHQDQGEURZQVHDZHHGELRPDVV&KHPRVSKHUH
±
>@ 3HLQDGR,*LUyQ-.RXWVLGLV*$PHV-0&KHPLFDOFRPSRVLWLRQDQWLR[LGDQWDFWLYLW\DQGVHQVRU\HYDOXDWLRQRIILYHGLIIHUHQWVSHFLHVRI
EURZQHGLEOHVHDZHHGV)RRG5HV,QW±
>@%XUWLQ31XWULWLRQDO9DOXHRI6HDZHHGV(OHFWURQ-(QYLURQ$JULF)RRG&KHP±
 Karina Balina et al. /  Energy Procedia  95 ( 2016 )  43 – 49 49
>@7UXXV.9DKHU07DXUH,$OJDOELRPDVVIURPFucus vesiculosus3KDHRSK\WD,QYHVWLJDWLRQRIWKHPLQHUDODQGDOJLQDWHFRPSRQHQWV3URF
(VW$FDG6FL&KHP±
>@0RUR&2%DVLOH*2EHVLW\DQGPHGLFLQDOSODQWV)LWRWHUDSLD±
>@0VVLJ.,RGLQH,QGXFHG7R[LF(IIHFWVGXHWR6HDZHHG&RQVXPSWLRQ,Q3UHHG\95%XUURZ*1:DWVRQ55HGLWRUV&RPSU+DQGE
,RGLQH1XWU%LRFKHP3DWKRO7KHU$VS(OVHYLHU,QF±
>@'ĊERZVNL0=LHOLĔVNL0*UDOD$'XGHN0$OJDHELRPDVVDVDQDOWHUQDWLYHVXEVWUDWHLQELRJDVSURGXFWLRQWHFKQRORJLHV²5HYLHZ5HQHZ
6XVWDLQ(QHUJ\5HY±
>@0RQWLQJHOOL0(7HGHVFR62ODEL$*%LRJDVSURGXFWLRQIURPDOJDOELRPDVV$UHYLHZ5HQHZ6XVWDLQ(QHUJ\5HY±
>@&KHQ+=KRX'/XR*=KDQJ6&KHQ -0DFURDOJDH IRUELRIXHOVSURGXFWLRQ3URJUHVV DQGSHUVSHFWLYHV5HQHZ6XVWDLQ(QHUJ\5HY
±
>@%UXKQ$'DKO-1LHOVHQ+%1LNRODLVHQ/5DVPXVVHQ0%0DUNDJHU6HWDO%LRHQHUJ\SRWHQWLDORIUlva lactucaELRPDVV\LHOGPHWKDQH
SURGXFWLRQDQGFRPEXVWLRQ%LRUHVRXU7HFKQRO±
>@ 3DVWDUH/5RPDJQROL)/DXND'']HQH,.X]QHFRYD76XVWDLQDEOHXVHRI0DFUR$OJDHIRUELRJDVSURGXFWLRQLQ/DWYLDQFRQGLWLRQV$
SUHOLPLQDU\VWXG\WKURXJKDQLQWHJUDWHG0&$DQG/&$DSSURDFK(QYLURQ&OLP7HFKQRO±
>@ 3LOLFND , %OXPEHUJD ' 5RPDJQROL ) /LIH &\FOH $VVHVVPHQW RI %LRJDV 3URGXFWLRQ IURP 0DULQH 0DFURDOJDHௗ D /DWYLDQ 6FHQDULR
(QYLURQPHQWDODQG&OLPDWH7HFKQRORJLHV±
>@%DUERW<1)DON+0%HQ]57KHUPRDFLGLFSUHWUHDWPHQWRIPDULQHEURZQDOJDH Fucus vesiculosus WR LQFUHDVHPHWKDQHSURGXFWLRQ²D
GLVSRVDOSULQFLSOHIRUPDFURDOJDHZDVWHIURPEHDFKHV-$SSO3K\FRO±
>@0DWD$OYDUH]-0DFp6/ODEUpV3$QDHURELFGLJHVWLRQRIRUJDQLFVROLGZDVWHV$QRYHUYLHZRIUHVHDUFKDFKLHYHPHQWVDQGSHUVSHFWLYHV
%LRUHVRXU7HFKQRO±
>@:X;<DR:=KX-0LOOHU&%LRJDVDQG&+SURGXFWLYLW\E\FRGLJHVWLQJVZLQHPDQXUHZLWKWKUHHFURSUHVLGXHVDVDQH[WHUQDOFDUERQ
VRXUFH%LRUHVRXU7HFKQRO±
>@9LYHNDQDQG 9 (LMVLQN 9*+ +RUQ 6- %LRJDV SURGXFWLRQ IURP WKH EURZQ VHDZHHG Saccharina latissima 7KHUPDO SUHWUHDWPHQW DQG
FRGLJHVWLRQZLWKZKHDWVWUDZ-$SSO3K\FRO±
>@5RPDJQROL)6\VWHPV(%OXPEHUJD'%LRJDVIURP0DULQH0DFURDOJDHௗD1HZ(QYLURQPHQWDO7HFKQRORJ\±/LIH&\FOH,QYHQWRU\IRUD
)XUWKHU/&$±
>@ -RKQ53$QLVKD*61DPSRRWKLUL.03DQGH\$0LFURDQGPDFURDOJDOELRPDVVDUHQHZDEOHVRXUFHIRUELRHWKDQRO%LRUHVRXU7HFKQRO
±
>@ ,VD$0LVKLPD<7DNLPXUD20LQRZD73UHOLPLQDU\6WXG\RQ(WKDQRO3URGXFWLRQE\8VLQJ0DFUR*UHHQ$OJDH--DSDQ,QVW(QHUJ\
±
>@&KLVWL<%LRGLHVHOIURPPLFURDOJDH%LRWHFKQRO$GY±
>@(O0RQHLP05$ILI\$6KDODE\($6KDQDE600(QKDQFHPHQWRIELRGLHVHOSURGXFWLRQIURPGLIIHUHQWVSHFLHVRIDOJDH*UDVDV<$FHLWHV
±
>@0DFHLUDV 5 5RGUÕJXH] 0 &DQFHOD $ 8UUpMROD 6 6iQFKH] $ 0DFURDOJDH 5DZ PDWHULDO IRU ELRGLHVHO SURGXFWLRQ $SSO (QHUJ\
±
>@%UXWRQ7%LR;//\RQV+/HUDW<6WDQOH\05DVPXVVHQ0%$5HYLHZRIWKH3RWHQWLDORI0DULQH$OJDHDVD6RXUFHRI%LRIXHOLQ
,UHODQG6XVWDLQ(QHUJ\,UHO

